A human antibody fragment with high affinity for biodegradable polymer film.
Antibodies with high affinity for the surface of a solid material would be advantageous in biomaterial science as a protein device. A human antibody fragment that binds to poly(hydroxybutyrate) (PHB), a biodegradable polymer matter, was generated by a phage display system. Clone PH7-3d3 was isolated after several rounds of selection and prepared as a fragment of immunoglobulin variable regions (Fv). The quartz crystal microbalance technique showed that PH7-3d3 Fv completely inhibited PHB enzymatic degradation by competing with PHB depolymerase. Kinetic analysis based on surface plasmon resonance demonstrated that PH7-3d3 Fv bound to the PHB film with an equilibrium dissociation constant of 14 nM. The three-dimensional structure of PH7-3d3 Fv was resolved to 1.7 A, revealing that the complementarity determining regions (CDRs) in the Fv fragment form a relatively flat surface on which uncharged polar and aromatic amino acids are distributed in clusters. The structure of PH7-3d3 Fv was similar to that of PHB depolymerase in the orientation of aromatic residues in the binding sites. Alanine scanning mutagenesis demonstrated that these aromatic residues, especially tryptophan residues in CDRs, were critical in the interaction between PH7-3d3 Fv and PHB. Our results suggest the possible selection of an antibody fragment that binds a material surface in a manner similar to protein-ligand interaction.